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THEORETICAL MODEUNG FOR PASSIVE MICROWAVE REMOTE SENSING OF
EARTH TERRAIN
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Abstract
In this paper we address the issue of theoretical modeling for passive
microwave remote sensing of terrain media such as snow, ice, vegetation,
and periodic surfaces. Historically, the volume scattering effects
stimulated the development of the continuous random medium model and
the random discrete scattering model for the description of the media.
Theoretical treatments were developed along two different paths.
Invoking the principle of reciprocity, the wave theory based on Maxwell's
equations has been used to calcuTate the emissivity. The other approach
was to start with the radiative transfer equations and solved for the
brightness temperatures directly. Attempts have been made to derive the
radiative transfer theory from the wave theory. At the same time, both
theoretical approaches have been used to calculate the radiometric
emissions and to interpret experimentally measured data.
The successful interpretation of the-Cosmos 243 data was perhaps the
first most important step towards a serious development-of the
continuous random medium model to account for the volume scattering
effects of snow ice fields. Subse-cluent interpretation of measurement
results from snow field with both passive radiometers and active radar
systems established a unique position for its descrfption of earth terrain
media. Recent efforts in classifying sea ice with correlation function
characterization are demonstration of acceptance .of this model. Future
inverse scattering developments will perhaps rely heavily on this model.
In this paper, we shall illustrate the development of the theoretical
models and present data matching results with measurements made in
snow ice fields and vegetation canopies. The emissivity calculations for
periodical rough surfaces will also be presented and compared to
measured data.
Recent development in polarimetric active remote sensing with synthetic
aperture radar has created significant theoretical results and practi,cal
applications. In passive remote sensing, the third and the fourth Stokes
parameters for earth remote sensing have not received much attention in
the past partly due to the expected small values any measurement can
yieid. We have made initial calculations and experimental measurements
to show that at least the third Stokes parameter can give appreciable
number in both theoretical prediction and actual experimentation in a
plowed field. Such results may have practical implications in measuring
wind directions in ocean waves, for instance. We believe polarimetric
passive remote sensing is a viable field which should be explored in light
of its potential applications that may derived from the full Stokes vector
instead of its first two parameters, i.e.,ters, i.e., the horizontally and
vertically polarized brightness temperature components.
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